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Abstract 
The paper informs about developing optical absorption method of real-time selective detecting of carbon dioxide 12, 13, 14CɈ2 
isotopologues in gaseous phase based on the use of frequency tunable diode laser operating near 4873 cm-1. 
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1. Introduction 
The problem of determining the concentration ratio of carbon isotopes 12C, 13C, 14C in the carbon dioxide gas in a 
variety of gaseous media represents considerable interest for many practical applications nowadays, such as 
mineralogy, planetary geophysics, applied medicine and nuclear physics, requiring methods and means of 
nondestructive control carbonaceous substances in the mode on-line.  
The analysis of methods providing high sensitivity of real-time selective detection of 12, 14C16Ɉ2 isotopologues in 
gaseous media shows that the most promising among them are those of infrared diode laser spectroscopy using 
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frequency tunable lasers. The analysis performed to date studies have shown that the study of the absorption of CO2 
isotopologues, mostly carried out in three spectral bands - near the wavelengths 4.3, 2 and 1.6 microns [Li et 
al.(2008), Murnick et al.(2010), Stepanov et al.(2002), Galli et al.(2011), Mironchik et al.(2009)]. Spectrum range 
near 2 μm seems to be the most preferable due to it is possible to use relatively low-cost tunable diode lasers and 
optical sensors working at room temperature. 
2. Experimental setup and measurement techniques 
In order to clarify the spectral range near the wavelength of 2 microns, most optimal to achieve the best 
selectivity and measurement of 14C16O2, 13C16O2 mixed with 12C16O2, we carried out a simulation of the calculated 
absorption spectra data isotopologues based on spectroscopic database HITRAN [Nelson et al.(2008)]. 
The calculations showed that one of the most promising spectrum ranges is 4868-4880 cm-1 where there is a 
number of slightly overlapping 12,13,14C16O2 spectral rotational lines. 
For the experiments a laser system was specially developed. The system is based on the InGaAlAs/InP single-
mode diode laser operating near 4873 cm-1 made by Vertilas VCSEL Diodes (Germany). Laser system has the 
ability of frequency tuning in the range of approximately 12 cm-1 due to pump current modulation in 2-9 mA range 
and changing the temperature of laser diode in the range of 20-35 °C. In order to control the diode temperature and 
pump current a control unit was specially designed; it allowed modulating the diode temperature manually and 
pumped current both manually and by amplitude scanning with the help of build-in sawtooth generator with 
modulation frequency ~ 10 kHz. The temperature of laser diode being fixed, modulation of pump current allowed to 
tune laser radiation frequency in the region of ~ 6 cm-1 continuously, that allowed monitoring several absorption 
spectral lines belonged to CO2. In all the laser frequency tuning range the power of laser generation was 
approximately 1 mW. 
We have carried out recordings of CɈ2 absorption spectra using this laser. During measurements we used 
multipass gas cell filled with isotopically pure CO2 (purity ~ 99.9%) at atmospheric pressure or human’s exhalation 
sample. Cell windows were made of potassium bromide, which is optically transparent in the studied spectral range. 
During the experiment laser radiation passed through the gas cell was registered by P4638 photodetector made on 
the base of PbS and G8372-01 photodetector made on the base of InGaAs, so in the output of gas cell laser radiation 
was spatially divided partially by reflecting mirror. 
One of the main noise sources was interference of laser radiation passed through the gas cell and reflected from 
its windows, which took place due to incidence of laser beam on cell windows at the angle of 90°. This effect was 
considerably lessened by the turn of the cell about setup optical axis. Moreover by using two spatially parted photo 
detectors it became possible to differ absorption lines of carbon dioxide and interference maximums. Also the 
experimental technique included computer processing of the registered signals which made it possible to use Fourier 
filtration of high frequencies (the highest one was 800 Hz), and it led to additional noise suppression. 
The figure 1 shows that for 14C16Ɉ2 detecting one may use for instance P(38) (4872.39521 cm-1) rotational line 
with the center located approximately 1 cm-1 far from the centers of the nearest lines R(24) and R(26) of 12C16Ɉ2 
molecule. Also it is possible to use lines P(34) (4876.68418 cm-1) and P(32) (4878,78101 cm-1) which are slightly 
overlapped with R(30, 32, 34, 36) lines of 12C16Ɉ2. The most appropriate absorption lines for 12C16Ɉ2 detecting are 
R(20) (4869.06333 cm-1), R(26) (4873.12900 cm-1).  
At fixed laser diode temperature in all the modulation range of pump current it was possible to register 3-4 
absorption rotational lines simultaneously. At diode temperature variation in the range from 20 to 35 °C 9 rotational 
lines were registered. Taking into consideration center positions of 12C16Ɉ2 absorption rotational lines known from 
HITRAN database it becomes possible to calibrate the dependence of laser radiation frequency on pump current i 
and laser diode temperature T (Figure 2). 
At first via developed laser system the absorption spectra of isotopically pure 12CO2 was registered. On the base 
of obtained absorption spectra the calibration of used diode laser was performed. The results are shown in figure 2. 
It should be noted that rotational absorption lines P(12) and P(18) of 13CO2 were recorded in the registered spectra. 
The calculation showed that the concentration ratio of 12CO2 to 13CO2 is at ~102. We have also analyzed human’s 
exhalation sample. During the analyses absorption spectral lines of isotopologues 12,13CO2 have also been registered 
 S.V. Kireev et al. /  Physics Procedia  71 ( 2015 )  257 – 260 259
and the results of the experimental evaluation of sensitivity value of minimum detectable concentration of 13CO2 on 
the background of isotopologue 12CO2 was of 1015 cm-3 order. 
3. Conclusion 
Thus the researches carried out in this paper showed a promising potential of infrared diode absorption 
spectroscopy with using frequency tunable diode lasers in the range of 4868-4880 cm-1 for CɈ2 isotopologues 
detecting in real time with high sensitivity. The experimental results of 12CɈ2 absorption in this range show that 
expected sensitivity of detecting is approximately 1015 cm-3 in gaseous media in real time. Similarly, the method 
may perform detection of 14CO2 with the same or better sensitivity 
 
  
Fig. 1. Calculated absorption spectrum of 12,13C16Ɉ2 and calculated absorption factors of 14C16Ɉ2 in the centers of its rotational lines (vertical 
lines). 
 
Fig. 2. Dependence of laser generation frequency ν on pump current i and laser diode temperature T. 
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Fig. 3. Registered absorption spectra of a sample of human exhalation (red), theoretical absorption spectra of 13CO2 (blue). 
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